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Abstract 

With entropic interpretation of gravity proposed by Verlinde, we obtain the Friedmann equation 
of the Friedmann- Robertson- Walker universe for the deformed Hofava-Lifshitz gravity. It is shown 
that, when the parameter of Hofava-Lifshitz gravity ui — > oo, the modified Friedmann equation will 
go back to the one in Einstein gravity. This results may imply that the entropic interpretation of 
gravity is effective for the deformed Hofava-Lifshitz gravity. 
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Recently, motivated by Lifshitz theory in solid state physics [1] , Hof ava proposed a new 
gravity theory at a Lifshitz point 2|-|4|. The theory is usually referred to as the Hofava- 
Lifshitz (HL) theory. It has manifest 3-dimensional spatial general covariance and time 
reparametrization invariance. This is a non-relativistic renormalizable theory of gravity and 
recovers the four dimensional general covariance only in an infrared limit. Thus, it may be 
regarded as a UV complete candidate for general relativity. 

The black hole solutions in this gravity theory have been attracted much attention. Lii- 
Mei-Pope (LMP) first obtained the spherically symmetric black hole solution with dynamical 
parameter A in asymptotically Lifshitz spacetimes j^]. Following, other black hole solutions 



and cosmological solutions were obtained j64l9l|. The thermodynamic properties and 



namical properties of different black hole solutions were also investigated intensively 



dy 



45] 



20] 



On the other hand, Verlinde 



461 ] recently made a robust suggestion that gravity can be 



explained as an entropic force caused by the changes in the information associated with the 
positions of material bodies. This idea implies that gravity is not fundamental. In f act, the 
similar idea can be traced back to the work given by Sakharov about forty years ago [471 ] . In 
the original article, with the assumption of the entropic force and the Unruh temperature, 
Verlinde obtained the second law of Newton mechanics. With the holographic principle 
and the equipartition law of energy, Verlinde also derived the Newtonian law of gravitation. 
On the other side, using the equipartition law of energy for the horizon degrees of freedom 
together with the thermodynamic relation S = E/(2T), Padmanabhan also obtained the 
Newton's law of gravity 48 1. 

With the idea of entropic force, some work has been carried out recently. At almost the 



sam e tinte, Shu and Gong ,49], Cat, Ceo and Ohta 50] obtained the FHedtnann equation, 
respectively. Smomlin derived the Newtonian gravity in loop quantum gravity [5JJ. On the 
other hand, Makela pointed out that Verlinde's entropic force is actually the consequence 
of a specific microscopic model of spacetime 52]. Caravelli and Modesto also applied the 



similar ideas to the construction of holographic actions from black hole entropy 53] . In 54j, 



Li and Wang showed that the holographic dark energy can be derived from the entropic force 



formula. Gao 



55] gave a modified entropic force in the Debye's model. Wang [56] regarded 



the coulomb force as an entropic force. Zhang, Gong and Zhu 



571 ] discussed three different 



corrections to the area law of entropy and obtained the modified Friedmann equations. 
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Other applications can be seen in 58M60]. 

In this paper, we will study the Friedmann equation of the Friedmann-Robertson- Walker 
(FRW) in deformed HL gravity from the view of entropic force. Let us start with an (3 
+ l)-dimensional FRW universe, which is described by the metric 

dr 2 



-dt 2 + a 2 (t) 



1 — kr 2 



+ r 2 d£l\ , . 



(1) 



where k denotes the spatial curvature constant with k — +1, and —1 corresponding to a 
closed, flat and open universe, respectively. dQ 2 , is the line element of a two-dimensional 
unit sphere. Adopting a new coordinate f = a(t)r, the metric ([!]) will become 



ds 2 = h ab dx a dx b + r 2 dVii 



(2) 



with x° = t, x 1 = r , h a b =diag(— 1, a 2 /(l — kr 2 )). The dynamical apparent horizon ta is 
determined by h ab d a fdbf = 0, and is given by 



r A 



^H 2 + k/c 



(3) 



where H = a/a is the Hubble parameter and c is the speed of light. The overdot stands for 
the derivative with respect to the cosmic time t. Suppose that the energy-momentum tensor 
T^y of the matter in the universe has the form of a perfect fluid T^ u = (p + ^U^y + pg^, 
where f/ M denotes the four-velocity of the fluid and p and p are the energy density and 
pressure, respectively. The energy conservation law V M T MV = gives the continuity equation 
in the form 

p + 3H(p + p) = 0. (4) 

The time-component of the Einstein equation is nothing but the standard Friedmann equa- 
tion 



H 2 + 



8ttG 



-(>■ 



(5) 



which describes the dynamical evolution of the universe model. It is proved in 61] that the 



Friedmann equation ([5]) can be derived by the first law of thermodynamics. Much work in 



this field has been made 



62 



671 ] . Assuming that the entropy/area relation in Hofava-Lifshitz 



gravity is 5* = A/4, the standard Friedmann equation was obtained in 30] from the clausius 
relation. 
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Next, we will devote our efforts to obtain the modified Friedmann equation in the de- 
formed HL gravity from the entropic force. First, we assume that the temperature corre- 
sponding to the apparent horizon is 

T = — . 6 

2nk B r A y 1 

The entropy S depends on the gravity theory and takes different forms for different gravity 
theories. In the deformed HL gravity, it has the form 

k B Ac 3 k B 7r Ac 3 

S = 77Ti H ln ( 7 ) 

AGh u Gh 

This entropy/area relation has a logarithmic term, which is a characteristic of HL gravity 
theory. However, as the parameter uj — > oo, it will go back to the one in Einstein gravity. 
From the definition of the apparent horizon ([3]), a straightforward calculation gives 

t A = -±Hr* A (H-±). (8) 



Following 



68| . the work density W and energy-supply vector $ a for our case can be calcu- 



lated as follows: 

W = - l -T ah h ab = - 1 -{ P - p\ (9) 

$ a = T h a d h f = -~(p + p)Hfdt +\{P + P)adr, (10) 

with T a t> the projection of the (3 + 1) -dimensional energy-momentum tensor T^ v of matter in 
the normal direction of 2-sphere. Then the amount of energy crossing the apparent horizon 



during the time internal dt is 61] 



dE = A$ = A(p + p)Hf A dt. (11) 



Now, let us turn to the entropic force. Verlinde [46J] made an interesting suggestion that 
gravity may be regarded as an entropic force caused by the changes in the information 
associated with the positions of material bodies. With this powerful assumption together 
with the holographic principle and the equipartition law of energy, Verlinde obtained the 
second law of Newtonian mechanics and Newtonian law of gravitation. The essence of the 
idea is that gravity is not fundamental but is an entropic force, which can be expressed in 
the following form 

FAx = TAS, (12) 



where AS" denotes the small change of entropy S of the gravitational system, Ax is the 
displacement of a particle in the gravitational system, T is the temperature of the system, 
and F is named entropic force. In the original paper, the author suggested that the max- 
imal storage space for information on the holographic screen, or total number of bits, is 
proportional to the area A with the holographic principle is held, i.e., 

An 3 

N = ^ < 13 > 

where A is area of the holographic screen. Then, with the equipartition law of energy 

E = \Nk B T and E = Mc 2 (M represents the mass that would emerge in the part of space 

enclosed by the holographic screen), one will recover the Newton's law of gravitation: 

Mm , , 

F = (14) 

where the relations F = ma (a is regarded as the acceleration corresponding to the Unruh 
temperature) and A = AkR 2 are used. 

Here, we propose that the total number of bits for the information is proportional to the 
entropy S rather than the area A in a grav ity theory as did in Thus, for a general 

gravity theory, one could rewrite ( TT3l) as [70|] 

45 

N = T B < 15 > 

Next, we will reproduce the Friedmann equation from this entropic force method. With 
( lisp , we obtain the total number of bits for the HL gravity 

Ar Ac 3 47r Ac 3 

= ~gK + ~ ~gE' < 16) 

From the view of entropic force, the energy E for a thermodynamic system can be reflected 
by the number of bits on the holographic screen through the equipartition law E = ^Nk B T 
with T the temperature of the holographic screen. Here, we choose the apparent horizon to 
be the holographic screen. So the temperature T is that for the apparent horizon. Then, we 
can get the change of the energy dE from the equipartition law 

1 i 8Gh7i + Auc 3 - AGhn In (^) 

dE = -Nk B dT + -k B TdN = — — ^^cdA. (17) 

I I AA^'^Gy/nuJ 

Comparing (TTTj) and (ITT)) , we reach 

'Ac 3 



8Ghn + Aujc 3 - AGHtt In 



Gh 



dr A = 16K 2 cGcor 5 A (p + p)Hdt. (18) 
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and the continuity equation 

Ac 3 



With the use of 

8Ghn + Auoc 3 - 4Ghn In 
Using the relation 



Gh 



we get 



lQGujc 3 7r 2 r 2 A 



OR [H-K\=-[H 2 



af J dt 

and integrating ffl9|) . we derive the following equation 



(19) 



(20) 



hG 

4uc 5 



H 2 + 



k 



3 - 2 In 



Aire 5 



H 2 + 



k 



8ttG 



-P, 



(21) 



Gh(H 2 + k/a 2 )^ 

where the integration constant has also been absorbed into the energy density p. Eqs. ( I19p 
and (12ip are the modified Friedmann equations from the entropic force. Comparing with the 
standard Friedmann equation (jHJ), the modified one is in a complicated form. This means 
that in principle we can distinguish the HL gravity from the Einstein one by exploring its 
Friedmann equation. As we know, when the parameter u of the HL gravity approaches 
infinite, the Einstein gravity will be recovered. Setting u — > oo, we can see that the first 
term in (J2TI) vanishes and the standard Friedmann equation will be obtained, which is exactly 
consistent with the result in [301 ] . 

In this letter, we obtain the modified Friedmann equation of FRW universe in the de- 
formed HL gravity theory from the entropic force. In the deformed HL gravity, the en- 
tropy/area relation is generally considered to have a logarithmic term, i.e., S — + ^ In A. 
The parameter u can be regarded as a characteristic parameter in the deformed HL gravity 
and the entropy/area relation will recover to Bekenstein-Hawking entropy/area law when 
u — > oo. To some extent, this logarithmic term represents a feature of black holes in the de- 
formed HL gravity. Considering the apparent horizon of the universe is a holographic screen, 
we propose that the total number of bits for the information of the screen is N = g. Then 
the energy included in the screen can be described by the equipartition law of the energy. 
Thus we obtain the modified Friedmann equation, in which a square term of (H 2 + \) and 
a logarithmic term appeared, which provide a way to distinguish the HL gravity from the 
Einstein one. However, as the parameter u — > oo, the modified equation will become the 
standard one. Our result may be suggested that gravity indeed has a thermodynamic origin 
for a non-Einstein gravity and it may be useful for further understand of the holographic 
properties and Friedmann equation for other gravity theories. 
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